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We present precise theoretical predictions for the absolute branching fractions of Λ+c → Λℓ
+νℓ (ℓ =
e, µ) decays in the covariant confined quark model. This study is motivated by two recent and
accurate measurements of the absolute branching fractions of Λ+c → pK
−π+ and Λ+c → Λe
+νe
by the Belle Collaboration at the KEKB and by the BESIII Collaboration at the BEPCII. Our
predictions for the branching fractions are consistent with both experimental results. We also
provide detailed numerical results for differential decay distributions and polarization observables.
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I. INTRODUCTION
In 2013 the Belle Collaboration at KEKB [1] re-
ported on the first model-independent measurement of
the branching fraction Br(Λ+c → pK−π+) = (6.84 ±
0.24+0.21−0.27)%. This measurement significantly improved
the precision of the absolute branching fractions of other
Λ+c decay modes and of b-flavored hadrons involving the
Λ+c state. In particular, using the Belle result the Particle
Data Group [2] updated their average for the branching
fractions of the exclusive semileptonic modes of the Λ+c
to
Br(Λ+c → Λe+νe) = (2.9± 0.5)% ,
Br(Λ+c → Λµ+νµ) = (2.7± 0.6)% . (1)
A few months ago the BESIII Collaboration reported on
the first absolute measurement of the branching ratio of
Λ+c → Λe+νe = (3.63±0.38(stat)±0.20(syst))% [3]. The
current upper limit, given in the 2015 Review of Particle
Physics, agrees with the lower limit of the BESIII result.
The new data calls for a detailed theoretical analysis of
the Λ+c → Λℓ+νℓ (ℓ = e, µ) process.
In this paper we present a comprehensive study of the
semileptonic decay Λ+c → Λℓ+νℓ in the covariant confined
quark model [4]-[9]. We calculate the total rate, differ-
ential decay distributions and polarization effects. The
paper is organized as follows. In Sec. II, we briefly review
the helicity formalism for the Λc → Λ transition which
was discussed in detail e.g. in Ref. [9]. In Sec. III we dis-
cuss the dynamics of the current–induced Λc → Λ tran-
sitions in terms of the covariant confined quark model
and present our numerical results. Finally, in Sec. IV we
summarize and conclude our results.
II. HELICITY FORMALISM FOR THE Λc → Λ
TRANSITION
First we define the matrix element M
V/A
µ (λ1, λ2) =
〈B2, λ2|JV/Aµ |B1, λ1〉 of the process Λ+c (p1) → Λ0(p2) +
W+off−shell(q), which can be expanded in terms of a com-
plete set of invariants
MVµ (λ1, λ2) = u¯2(p2, λ2)
[
FV1 (q
2)γµ − F
V
2 (q
2)
M1
iσµq
+
FV3 (q
2)
M1
qµ
]
u1(p1, λ1) ,
(2)
MAµ (λ1, λ2) = u¯2(p2, λ2)
[
FA1 (q
2)γµ − F
A
2 (q
2)
M1
iσµq
+
FA3 (q
2)
M1
qµ
]
γ5u1(p1, λ1) ,
where σµq =
i
2 (γµ 6 q− 6 q γµ) and q = p1 − p2. The labels
λi = ± 12 denote the helicities of the two baryons. In the
present application B1 = Λc and B2 = Λ.
Helicity amplitudes for the Λ+c → Λ0+W+off−shell tran-
sition are defined through the matrix elements as
H
V/A
λ2,λW
=MV/Aµ (λ1, λ2)ǫ
†µ(λW ) , (3)
where there are four helicities for the W+off−shell, namely
λW = ±1, 0 (J = 1) and λW = 0 (J = 0). See Fig. 1 for
2the definition of the kinematical variables for the decay
process (the polar angles θ, θB and the azimuthal angle
χ). The label J = 1, 0 denotes the two angular momenta
of W+off−shell in its rest frame. Following the convention
of Refs. [10, 11] we distinguish the two λW = 0 states
and adopt the notation λW = 0 for J = 1 and λW = t
for J = 0 (t for temporal). From angular momentum
conservation one has λ1 = λ2−λW . Using Eq. (3) one can
derive explicit relations between the helicity amplitudes
and the relativistic form factors [6]-[9]
H
V/A
+ 1
2
t
=
√
Q±√
q2
(
M∓F
V/A
1 ±
q2
M1
F
V/A
3
)
,
H
V/A
+ 1
2
+1
=
√
2Q∓
(
F
V/A
1 ±
M±
M1
F
V/A
2
)
,
H
V/A
+ 1
2
0
=
√
Q∓√
q2
(
M±F
V/A
1 ±
q2
M1
F
V/A
2
)
, (4)
where M± =M1 ±M2 and Q± =M2± − q2.
The total left–chiral helicity amplitude is defined by
the composition
Hλ2,λW = H
V
λ2,λW −HAλ2,λW , (5)
where from parity or from an explicit calculation one has
HV−λ2,−λW = H
V
λ2,λW , H
A
−λ2,−λW = −HAλ2,λW . (6)
The polarization observables to be discussed further
on can be expressed in terms of helicity structure func-
tions given in terms of bilinear combinations of helicity
amplitudes. The definition of the structure functions are
collected in Table I (for more details see Ref. [9]).
The helicity structure functions have definite parity
properties as indicated in Table I. The upper and lower
halves of Table I list the parity-conserving (p.c.) and
parity-violating (p.v.) bilinear combinations of helicity
amplitudes, respectively, i.e. the p.c. and p.v. helicity
structure functions are linked to the products of V V and
AA, and V A and AV currents, respectively.
The helicity amplitudes Hλ2,λW are a superposition of
vector and axial vector pieces and thus do not have defi-
nite parity properties. One can project back to the vec-
tor and axial vector helicity amplitudes by defining the
transversity amplitudes [12] (see the relations in Ref. [9]).
We do not list the full three-fold angular decay distri-
bution of the cascade decay Λc → Λ(→ pπ−) + ℓ+νℓ but
distill various asymmetries and polarization observables
from the angular decay distribution as has been done
in [9]. When transcribing the results of [9] to the case
Λc → Λℓ+νℓ treated here one has to take into account
the necessary changes going from the ℓ−ν¯ℓ to the ℓ
+νℓ
final state lepton configuration as discussed in [9].
Next we list the expressions for the physical observ-
ables (width, differential rate, polarizations) in terms of
the helicity structure functions:
i) The normalized differential rate reads
dΓ
dq2
= Γ0
(q2 −m2ℓ)2|p2|
M71 q
2
Htot (7)
TABLE I: Definition of helicity structure functions
parity-conserving (p.c.)
HU = |H+ 1
2
+1
|2 + |H− 1
2
−1|
2
HL = |H+ 1
2
0|
2 + |H− 1
2
0|
2
HS = |H+ 1
2
t|
2 + |H− 1
2
t|
2
HLT = Re
(
H+ 1
2
+1H
†
− 1
2
0
+H+ 1
2
0H
†
− 1
2
−1
)
HST = Re
(
H+ 1
2
+1H
†
− 1
2
t
+H+ 1
2
tH
†
− 1
2
−1
)
HSL = Re
(
H+ 1
2
0H
†
+ 1
2
t
+H− 1
2
0H
†
− 1
2
t
)
parity-violating (p.v.)
HP = |H+ 1
2
+1
|2 − |H− 1
2
−1|
2
HSLP = Re
(
H+ 1
2
0H
†
+ 1
2
t
−H− 1
2
0H
†
− 1
2
t
)
HLP = |H+ 1
2
0|
2 − |H− 1
2
0|
2
HSP = |H+ 1
2
t|
2 − |H− 1
2
t|
2
HLTP = Re
(
H+ 1
2
+1H
†
− 1
2
0
−H+ 1
2
0H
†
− 1
2
−1
)
HSTP = Re
(
H
+ 1
2
+1
H†
− 1
2
t
−H
+ 1
2
tH
†
− 1
2
−1
)
where
Htot = HU + HL + δℓ
[
HU + HL + 3HS
]
(8)
and where we define a helicity flip factor δℓ = m
2
ℓ/(2q
2).
In (7) we have introduced the Born term rate
Γ0 =
G2|Vcs|2M51
192π3
. (9)
The rate Γ0 represents the SM rate of the decay of a
massive parent fermion into three massless fermions, i.e.
M1 6= 0 and M2,mℓ,mνℓ = 0, where FV/A1 = 1 and
F
V/A
2,3 = 0. The q
2–dependent factor multiplying Γ0 in
Eq. (7) is chosen such that the integral results in 1 for
these mass and form factor settings. Vcs = 0.986 is the
Cabibbo–Kobayashi–Maskawa matrix element.
It is convenient to define partial rates dΓX/dq
2 and
dΓ˜X/dq
2 for the helicity nonflip (nf) and helicity flip (hf)
helicity structure functions HX defined in Table I. One
has
dΓX
dq2
(nf) = Γ0
(q2 −m2ℓ)2|p2|
M71 q
2
HX ,
dΓ˜X
dq2
(hf) = δℓ Γ0
(q2 −m2ℓ )2|p2|
M71 q
2
HX . (10)
The partial rates can then be split into a helicity “nf”
and helicity “hf” part according to
dΓX
dq2
=
dΓX
dq2
(nf) +
dΓ˜X
dq2
(hf) . (11)
3ii) The lepton-side forward-backward asymmetry defined
by
AℓFB(q
2) =
3
4
HP − 4 δℓHSL
Htot . (12)
iii) The convexity parameter CF (q
2) according to
CF (q
2) =
3
4
(1 − 2δℓ) HU − 2HLHtot . (13)
iv) Longitudinal P hz (q
2) and transverse P hx (q
2) polariza-
tions of the daughter baryon Λ
P hz (q
2) =
HP +HLP + δℓ (HP +HLP + 3HSP )
Htot ,
P hx (q
2) =
3π
4
√
2
HLT + 2 δℓHSTP
Htot . (14)
v) Longitudinal P ℓz (q
2) and transverse P ℓx(q
2) polariza-
tions of the charged lepton ℓ+
P ℓz (q
2) =
HU +HL − δℓ (HU +HL + 3HS)
Htot ,
P ℓx(q
2) = − 3π
4
√
2
√
δℓ
HP + 2HSL
Htot (15)
When calculating the q2–averages of the components of
~P hand ~P ℓ one has to reinstate the common q2–dependent
factor (q2 −m2ℓ)2|p2|/q2 in the numerator and denomi-
nator of the right hand sides of Eqs. (14) and (15).
vi) The normalized azimuthal distribution is described
by
W˜ (χ, q2) =
1
2π
(1 + αBγ cosχ) (16)
where
γ(q2) =
3π2
16
√
2
HLT + 2δℓHSTP
Htot =
π
4
P hx (q
2) (17)
and αB is the asymmetry parameter in the decay Λ →
pπ−.
Next we define averages of the above observables: the
mean forward-backward asymmetry 〈AFB〉, the mean
convexity parameter 〈CF 〉 and the hadronic 〈P hx,z〉 and
leptonic 〈P ℓx,z〉 polarization components, which are ob-
tained from the nonflip and flip rates:
〈AℓFB〉 =
3
4
ΓP − 4 Γ˜SL
Γtot
,
〈CF 〉 = 3
4
ΓU − 2ΓL − 2Γ˜U + 4Γ˜L
Γtot
,
〈P hz 〉 =
ΓP + ΓLP + Γ˜P + Γ˜LP + 3 Γ˜SP
Γtot
,
〈P hx 〉 =
3π
4
√
2
ΓLT + 2Γ˜STP
Γtot
,
〈P ℓz 〉 =
ΓU + ΓL − Γ˜U − Γ˜L − 3 Γ˜S
Γtot
,
〈P ℓx〉 = −
3π
4
√
2
√
δℓ
ΓP + 2ΓSL
Γtot
,
〈γ〉 = π
4
〈P hz 〉 . (18)
III. THE Λc → Λs TRANSITION FORM
FACTORS IN THE COVARIANT CONFINED
QUARK MODEL
We shall use the covariant confined quark model pre-
viously developed by us to describe the dynamics of the
current–induced Λc = (c[ud]) to Λs = (s[ud]) transition
(see Refs. [5]-[9]). The starting point of the model is
an interaction Lagrangian which describes the coupling
of the Λq-baryon (q = c, s) to the relevant interpolating
three-quark current. One has
LΛqint (x) = gΛq Λ¯q(x) · JΛq (x) + H.c. , (19)
JΛq (x) =
∫
dx1
∫
dx2
∫
dx3 FΛq (x;x1, x2, x3)
× ǫa1a2a3 qa1(x1)ua2(x2)C γ5 da3(x3) .
The vertex function FΛq is chosen to be of the form
FΛq = δ
(4)(x−
3∑
i=1
wixi) ΦΛq
(∑
i<j
(xi − xj)2
)
(20)
where ΦΛq is a correlation function involving the three
constituent quarks with coordinates x1, x2, x3 and with
masses m1, m2, m3. The variable wi is defined by wi =
mi/(m1 + m2 + m3) such that
∑3
i=1 wi = 1. The form
factors describing the Λc → Λs transition via the local
weak quark current are calculated in terms of a two-loop
Feynman diagram. Due to the confinement mechanism of
the model, the Feynman diagrams do not contain branch
points corresponding to on-shell quark production.
The values of the constituent quark masses mq and
the infrared cut-off parameter λ have been fixed from
the analysis of a wide spectrum of data on meson and
baryon decays with
mu,d ms mc λ
0.241 0.428 1.67 0.181 GeV
(21)
4The values of the hadronic size parameters are taken from
our previous papers [6, 7]:
ΛΛs ΛΛc
0.492 0.867 GeV
(22)
The results of our numerical two-loop calculation are
well represented by a double–pole parametrization
F (q2) =
F (0)
1− as+ bs2 , s =
q2
M21
. (23)
For the Λc → Λs transition the parameters of the ap-
proximated form of the form factors are given by
FV1 F
V
2 F
V
3 F
A
1 F
A
2 F
A
3
F (0) 0.511 0.289 −0.014 0.466 −0.025 −0.400
a 1.736 1.970 5.053 1.594 0.321 2.083
b 0.760 1.054 8.138 0.647 8.127 1.195
(24)
Let us take a closer look at the q2 dependence of the
form factors FV1 (q
2) ≈ FA1 (q2). Their q2 dependence is
very close to a dipole behavior since one has
√
b ∼ a/2
in both cases with a dipole mass mdipole = M1/
√
a/2 ≃
2.45 GeV. The dipole mass is quite close to the expected
(cs¯) mass scale of 2.1121 GeV set by the D∗s meson
mass [2].
IV. NUMERICAL RESULTS
We shall present numerical results for the two cases
ℓ+ = e+ and ℓ+ = µ+. Note that the results for two
modes are sometimes similar and sometimes not. In
the calculations we use the baryon mass values MΛc =
2.28646 GeV and MΛs = 1.11568 GeV [2].
In Figs. 2 and 3 we display the q2–dependence of the
partial differential rates dΓU/dq
2, dΓL/dq
2 and the total
differential rate dΓU+L/dq
2 for the e- and µ-mode. The
transverse rate dominates in the low recoil region while
the longitudinal rate dominates in the large recoil region.
In case of the e-mode the longitudinal and thereby the
total rate shows a step-like behavior close to the threshold
q2 = m2e.
In Fig. 4 we show the q2–dependence of the lepton-
side forward-backward asymmetry AℓFB(q
2), which is
negative and very similar for both e- and µ-mode at
q2 ≥ 1 GeV2. At zero recoil AℓFB(q2) goes to zero due
to the zero recoil relations HP = HSL = 0. In the large
recoil limit AeFB(e) goes to zero due to the longitudinal
dominance in the partial rates.
In Fig. 5 we display the q2–dependence of the convex-
ity parameter CF , which is similar for both modes for
q2 ≥ 0.6 GeV2 and different for q2 < 0.6 GeV2. At zero
recoil CF goes to zero for both modes due to the zero
recoil relation HU = 2HL. For the e–mode one finds
CF → −1.5 at maximal recoil due to the longitudinal
dominance while CF → 0 for the µ–mode at maximal re-
coil q2 = m2µ due to the overall factor (1− 2δ) in (13). In
both modes CF is large and negative which implies that
the cos θ–distribution is strongly parabolic in terms of a
downward open tilted parabola.
In Figs. 6 and 7 we show the longitudinal and transver-
se polarization components of the Λ defined in Eq. (14),
which are similar for e- and µ-modes in case of both po-
larizations. The magnitude of the Λ polarization shown
in Fig. 8 is also similar for both modes and is quite large.
In Figs. 9 and 10 we show the q2–dependence of the lon-
gitudinal and transverse polarization components of the
charged lepton. In the case of the electron the two curves
reflect the chiral limit of a massless lepton in which the
lepton is purely left-handed. The behavior of the two po-
larization components in the µ–mode is distinctly differ-
ent. The longitudinal polarization is reduced from 1 to a
negative number of −0.34 at zero recoil, while the trans-
verse polarization can become negative and quite large
on magnitude towards maximal recoil. At zero recoil the
transverse polarization of the charged lepton tends to
zero in agreement with the vanishing of HP and HSL at
zero recoil. The total polarization of the lepton shown in
Fig. 11 is maximal in the e–mode and somewhat reduced
but still quite large in the µ–mode.
In Table II we present our predictions for the semilep-
tonic branching ratios of the Λc in % and compare them
with data from the Belle [1] and BESIII [3] Collabora-
tions. We have used the value for the Λc–lifetime from
the Particle Data Group [2] τΛc = (2.0± 0.06)× 10−13 s.
One can see that our results are in a good agreement
with Belle data and close to the lower value of the BE-
SIII result. In Table III we compare our predictions with
previous theoretical results [4],[14]-[23] for Λ+c → Λ0e+νe.
For some approaches in brackets we indicate the result
by taking into account the SU(6) spin-flavor suppression
factor equal to 1/3 (see detailed discussion in Ref. [13]).
q2–averages of helicity structure functions in units of
10−15 GeV are listed in Table IV. We do not display
helicity flip results for the e+νe mode because they are
of order 10−6 − 10−7 in the above units. Partial rates,
from which we can compile the total rate, are listed in Ta-
ble V, Again we list the partial and total rates in units
of 10−15 GeV. The numbers show that the partial flip
rates make up 34.2% of the total rate where the biggest
contribution comes from the scalar rate with 20.4%. The
results for the mean values of the asymmetry parameters
are shown in Table VI. When calculating the q2–averages
one has to remember to include the q2–dependent fac-
tor (q2−m2ℓ)2|p2|/q2 in the numerator and denominator
of the relevant asymmetry expressions. In most of the
shown cases the mean values change considerably when
going from the e– to the µ–modes including even a sign
change in 〈AℓFB〉.
5TABLE II: Semileptonic branching ratios of the Λc in %.
Mode Our results Data
Λ+c → Λ
0e+νe 2.78 (2.9± 0.5) Belle
(3.63 ± 0.38± 0.20) BESIII
Λ+c → Λ
0µ+νµ 2.69 (2.7± 0.6) Belle
TABLE III: Comparison of our predictions with previous the-
oretical results for Br(Λ+c → Λ
0e+νe) in %.
Our Ref. [14] Ref. [15] Ref. [16] Ref. [17] Ref. [18] Ref. [19] Ref. [20] Ref. [4] Ref. [21] Ref. [22] Ref. [23]
2.78 12 (4) 3 (1) 3.4 (1.12) 2 4.4 (1.46) 1.42 1.07 1.44 1.4 2.64 ± 0.36 3.05 ± 0.27
2.6 (0.86) 1.96 ± 0.32
TABLE IV: q2–averages of helicity structure functions in units
of 10−15 GeV.
ΓU ΓL ΓLT ΓSL ΓP ΓLP ΓLTP
e+νe 35.6 55.8 −17.7 53.9 −25.7 −53.6 −8.8
µ+νµ 34.3 50.3 −17.1 48.5 −24.7 −48.1 −8.3
Γ˜U Γ˜L Γ˜S Γ˜LT Γ˜SP Γ˜SL Γ˜P Γ˜LP Γ˜LTP Γ˜STP Γ˜SLP
µ+νµ 0.31 0.91 0.93 −0.15 −0.90 0.91 −0.24 −0.90 −0.10 −0.19 −0.92
TABLE V: Partial rates contributing to the total rates
Γ(Λ+c → Λ
0 + ℓ+νℓ) in units of 10
−15 GeV.
ΓU ΓL Γ˜U Γ˜L Γ˜S Γtot
e+νe 35.6 55.8 - - - 91.4
µ+νµ 34.3 50.3 0.3 0.9 2.8 88.6
TABLE VI: Mean values of the asymmetry parameters.
< AℓFB > 〈CF 〉 〈P
h
z 〉 〈P
h
x 〉 〈P
ℓ
z 〉 〈P
ℓ
x〉 〈γ〉
e+νe -0.21 -0.62 -0.87 -0.32 1.00 -0.001 -0.25
µ+νµ -0.24 -0.54 -0.87 -0.33 0.91 -0.18 -0.26
V. SUMMARY AND CONCLUSIONS
Let us summarize the main results of our paper. We
have used the helicity formalism to study the angu-
lar decay distribution in the semileptonic decay Λ+c →
Λ0 + ℓ+νℓ as well as the corresponding cascade decay
Λ+c → Λ0(→ p+ π−) + ℓ+νℓ. Starting from the angular
decay distribution we have defined a number of polariza-
tion observables for which we have provided numerical re-
sults using form factor results from the covariant confined
quark model. Our predictions for the absolute branching
fractions for Λ+c → Λℓ+νℓ decays are in agreement with
the central value of data from Belle [1] and with the lower
limit of the data from the BESIII Collaboration [3].
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FIG. 1: Definition of the polar and the azimuthal angles.
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FIG. 2: The q2-dependence of the partial rates dΓU/dq
2
(dashed), dΓL/dq
2 (dot-dashed) and their sum dΓU+L/dq
2
(solid) for the e+-mode (in units of 10−15 GeV−1).
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FIG. 3: The q2-dependence of the partial rates dΓU/dq
2
(dashed), dΓL/dq
2 (dot-dashed) and their sum dΓU+L/dq
2
(solid) for the µ+-mode (in units of 10−15 GeV−1).
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FIG. 4 AℓFB(q
2) plot: e+ (solid) and µ+ (dashed) FIG. 8 |~P h|(q2) plot: e+ (solid) and µ+ (dashed).
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FIG. 5 CF (q
2) plot: e+ (solid) and µ+ (dashed) FIG. 9 P ℓz (q
2) plot: e+ (solid) and µ+ (dashed).
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FIG. 6 P hz (q
2) plot: e+ (solid) and µ+ (dashed) FIG. 10 P ℓx(q
2) plot: e+ (solid) and µ+ (dashed).
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FIG. 7 P hx (q
2) plot: e+ (solid) and µ+ (dashed) FIG. 11 |~P ℓ|(q2) plot: e+ (solid) and µ+ (dashed).
